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Abstract: We revisit inflation with non-canonical scalar fields by applying deformed-
steepness exponential potentials. We show that the resulting scenario can lead to infla-
tionary observables, and in particular to scalar spectral index and tensor-to-scalar ratio,
in remarkable agreement with observations. Additionally, a significant advantage of the
scenario is that the required parameter values, such as the non-canonicality exponent and
scale, as well as the potential exponent and scale, do not need to acquire unnatural values
and hence can accept a theoretical justification. Hence, we obtain a significant improve-
ment with respect to alternative schemes, and we present distinct correlations between the
model parameters that better fit the data, which can be tested in future probes. This
combination of observational efficiency and theoretical justification makes the scenario at
hand a good candidate for the description of inflation.
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1 Introduction
Inflation is now a crucial part of the Standard Model of Cosmology [1–5]. Its solution
to the horizon and flatness problems, together with the predictions for an almost scale
invariant perturbation spectral index, have been confirmed by measurements of the cosmic
microwave background (CMB) radiation. Nevertheless, the specific mechanism that trig-
gers the inflationary epoch is one of the most outstanding issues in contemporary particle
physics and cosmology. As a result, the building of theoretical models that explain this
early accelerating expansion of the universe has exploded in recent years. The first main
class of mechanisms that can lead to successful inflation is based on the introduction of a
scalar field, while the second main class is obtained through gravitational modifications (for
reviews see [6–10]). Consequently, inflation-related observations have provided significant
insight to both modified gravity [11–15], as well as to particle physics model building. The
literature on the latter is very extensive, particularly within the framework of supersym-
metry [16–19], supergravity [20–23], theories of extra dimensions such as superstring and
brane theories [24–26], and technicolor too [27]. Detailed lists of references on different
theoretical constructions can be found in [6, 7, 10].
In trying to understand the above issues (often in the framework of a single theory)
several problems have been encountered, including fine-tuning issues (tiny dimensionless
constants) and large predictions for tensor fluctuations. In this respect, theories of scalar
fields with non-canonical kinetic terms, as expected in supergravity and superstring theo-
ries, including the k-inflation subclass [28–30], were found to have significant advantages.
These theories arise commonly in the framework of supergravity and string compactifi-
cations, which typically contain a large number of light scalar fields X (moduli), whose
dynamics are governed by a non-trivial moduli space metric Gij . As long as the moduli
space metric is not flat, we generically expect non-canonical kinetic terms. Such effects
could, but need not, be suppressed by the high scale of the corresponding Ultra-Violet
physics (e.g. moduli masses, string scale), but they can still have significant cosmological
consequences through the dynamics of the dilaton and moduli fields.
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Among their many advantages, non-canonical scalars satisfy in a more natural way the
slow-roll conditions of inflation, since the additional effective friction terms in the equations
of motion of the inflaton slow down the scalar field for potentials which would otherwise
be too steep. Hence, the resulting tensor-to-scalar ratio is significantly reduced [31–48].
Moreover, models with non-canonical kinetic terms often allow for the kinetic term to play
the role of dark matter and the potential terms to generate dark energy and inflation
[49–52]. Additionally, note that in the inflation realization in the context of Galileon and
Horndeski theories, the role of the non-canonical kinetic term is also crucial [53–58]. The
form of the non-canonical terms can vary significantly, since there are many plausible
models, including different ways to achieve compactification. The recent cosmological
data, however, together with the requirement to avoid fine-tuning and unnatural solutions,
severely constrain the available possibilities.
On the other hand, an alternative way to improve the inflationary observables is by
introducing an extra parameter as an exponent in the known potential forms, and thus
affecting their steepness. In this way the dynamics of the scalar field can be additionally
deformed, offering an alternative way to bring the tensor-to-scalar ratio to lower values
without ruining the necessary spectral index [59–66].
One possible disadvantage of the above inflationary models, namely those with non-
canonical terms and those with extra steepness parameter in the potential, is that the
parameter values needed for acceptable observables are unnatural and hard to be justified
from the field-theoretical point of view. In particular, the non-canonical exponents need
to be large, or the mass and potential parameters take trans-Planckian values. Hence, in
this work, we are interested in studying a combination of the above models, specifically
introducing a scalar field with non-canonical kinetic terms on top of a deformed-steepness
potential with an extra parameter. As we will show, this enhances the range of solutions
and leads to very satisfactory observables, for natural sets of model parameters that we
proceed to identify and classify.
2 Non-canonical inflation with deformed-steepness potentials
In this section we present the scenario of non-canonical inflation with deformed-steepness
potentials. We will focus on the usual non-canonical Lagrangian, which is well justified
theoretically, and takes the form [28–30, 35, 67, 68],
L(φ,X) = X
(
X
M4
)α−1
− V (φ), (2.1)
where X = 1
2
∂µφ∂
µφ is the kinetic energy of the scalar field, and thus the action of the
scenario reads
S =
∫
d4x
√−g
[
M2pl
R
2
+X
(
X
M4
)α−1
− V (φ)
]
. (2.2)
The parameter M has dimensions of mass and determines the scale in which the non-
canonical effects become significant, while Mpl is the Planck mass. Concerning the poten-
tial, in this work we will consider the deformed-steepness potential that was introduced in
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[59, 61], namely
V (φ) = V0 exp
−λφn/Mn
pl , (2.3)
with V0 and λ the usual potential parameters and n the new exponent parameter that
determines the deformed-steepness.
We consider a homogeneous and isotropic flat Friedmann-Robertson-Walker (FRW)
metric of the form
ds2 = −dt2 + a2(t)δijdxidxj , (2.4)
where a(t) is the scale factor. Variation of the action (2.2) in terms of the metric gives the
following Friedmann equations
H2 =
1
3M2pl
[
(2α− 1)X
(
X
M4
)α−1
+ V0 exp
−λφn/Mn
pl
]
(2.5)
H˙ = − 1
M2pl
αX
(
X
M4
)α−1
, (2.6)
where H = a˙a is the Hubble parameter. Additionally, variation in terms of the scalar field
leads to the Klein-Gordon equation
φ¨+
3Hφ˙
2α− 1 −
λnφn−1V0 exp
−λφn/Mn
pl
α(2α − 1)Mnpl
(
2M4
φ˙2
)α−1
= 0. (2.7)
Note that one can write the above equation in the form of the usual conservation equation
ρ˙φ + 3H(ρφ + pφ), using the definitions
ρφ = (2α − 1)X
(
X
M4
)α−1
+ V0 exp
−λφn/Mn
pl
pφ = X
(
X
M4
)α−1
− V0 exp−λφ
n/Mn
pl . (2.8)
In every inflationary scenario the important quantities are the inflation-related observ-
ables, namely the scalar spectral index of the curvature perturbations ns and its running
αs ≡ dns/d ln k, with k the measure of the wave number ~k, the tensor spectral index nT
and its running, as well as the tensor-to-scalar ratio r. In a given scenario these quantities
depend on the model parameters, and hence confrontation with observational data can lead
to constraints on these model parameters.
In order to extract the relations for the inflation-related observables, a detailed and
thorough perturbation analysis is needed. In the simple case of canonical fields minimally
coupled to gravity, and introducing the slow-roll parameters, full perturbation analysis
indicates that the inflationary observables can be expressed solely in terms of the scalar
potential and its derivatives [7, 10, 69]. However, in the case where non-canonical terms
or forms of non-minimally coupling are present, as well as in the case where the potential
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itself is absent (as for instance in modified gravity inflation), one should instead introduce
the Hubble slow-roll parameters ǫn (with n positive integer), defined as [10, 70–72]
ǫn+1 ≡ d ln |ǫn|
dN
, (2.9)
where N ≡ ln(a/aini) is the e-folding number, and ǫ0 ≡ Hini/H, where aini is the initial
scale factor with Hini the corresponding Hubble parameter (as usual inflation ends when
ǫ1 = 1). Thus, the first three ǫn are found to be
ǫ1 ≡ − H˙
H2
, (2.10)
ǫ2 ≡ H¨
HH˙
− 2H˙
H2
, (2.11)
ǫ3 ≡
(
H¨H − 2H˙2
)
−1
[
HH˙
...
H − H¨(H˙2 +HH¨)
HH˙
− 2H˙
H2
(HH¨ − 2H˙2)
]
. (2.12)
With these definitions, the basic inflationary observables are given as [10]
r ≈ 16ǫ1, (2.13)
ns ≈ 1− 2ǫ1 − ǫ2, (2.14)
αs ≈ −2ǫ1ǫ2 − ǫ2ǫ3, (2.15)
nT ≈ −2ǫ1. (2.16)
In the scenario of non-canonical inflation with deformed-steepness potentials, described
by equations (2.5)-(2.7), the dynamics, i.e. the Hubble function, is determined by the
parameters α and M related to “non-canonicality”, by the standard potential parameters
V0 and λ, alongside the deformed-steepness parameter n. Hence, we deduce that the above
inflationary observables (2.13)-(2.16) will be determined by these model parameters too.
In the next section we analyze in detail the effect of each parameter on the inflationary
observables, and we will show which combinations can bring the predictions deep inside
the observational contours.
3 Results
In this section, we investigate the inflationary observables in the scenario of non-canonical
inflation with deformed-steepness potentials. In particular, we desire to see how the scalar
spectral index ns and the tensor-to-scalar ratio r are affected by the model parameters.
Since the involved equations (2.5)-(2.7), the slow-roll parameters (2.10)-(2.12) and the
observables expressions (2.13)-(2.16) are in general too complicated to admit analytical
solutions, we investigate them numerically.
Specifically, for a given set of parameter values we impose the conditions for φ, φ˙
and H corresponding to small ǫi. We evolve the system and we determine the end of
inflation by demanding ǫ1 = 1 (cases of eternal inflation are considered non-physical), and
thus by imposing the desired e-folding number N we extract the time at the beginning
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of inflation. Hence, we can use the corresponding Hubble parameter to calculate the
inflationary observables corresponding to the given parameter values and the imposed e-
folding number N .
We start our investigation by examining the effect of the non-canonical parameter α
and the deformed-steepness parameter n. Therefore, we fix M and V0 at theoretically
motivated values and we calculate ns and r for various combinations of α and n, adjusting
suitably only the value of λ, and for the e-folding number N taking, as usual, the values
50, 60 and 70. In Table 1 we summarise the obtained observable predictions. Additionally,
in order to present the information in a more transparent way that allows comparison with
observational data, in Fig. 1 we depict the results of Table 1 on top of the 1σ and 2σ
contours of the Planck 2018 data [73].
α = 3, n = 4, λ = 10−13
N 50 60 70
r 0.0397 0.0273 0.0190
ns 0.9564 0.9603 0.9621
α = 3, n = 5, λ = 10−12
N 50 60 70
r 0.0468 0.0340 0.0253
ns 0.9604 0.9652 0.9681
α = 5, n = 5, λ = 3 · 10−9
N 50 60 70
r 0.0414 0.0284 0.0198
ns 0.9563 0.9595 0.9617
α = 3, n = 6, λ = 10−11
N 50 60 70
r 0.0496 0.0367 0.0278
ns 0.9617 0.9670 0.9703
α = 5, n = 6, λ = 10−7
N 50 60 70
r 0.0474 0.0340 0.0250
ns 0.9596 0.9637 0.9669
α = 7, n = 6, λ = 10−6
N 50 60 70
r 0.056 0.0415 0.0316
ns 0.9614 0.9662 0.9696
α = 3, n = 7, λ = 10−11
N 50 60 70
r 0.0609 0.0470 0.0373
ns 0.9646 0.9697 0.9734
α = 5, n = 7, λ = 10−6
N 50 60 70
r 0.0562 0.0421 0.0324
ns 0.9624 0.9675 0.9707
α = 7, n = 7, λ = 10−4
N 50 60 70
r 0.0554 0.0408 0.0313
ns 0.9614 0.9664 0.9695
α = 3, n = 8, λ = 10−11
N 50 60 70
r 0.0672 0.0528 0.0427
ns 0.9655 0.9708 0.9745
α = 5, n = 8, λ = 10−5
N 50 60 70
r 0.0613 0.0469 0.0368
ns 0.9636 0.9689 0.9724
α = 7, n = 8, λ = 10−2
N 50 60 70
r 0.0537 0.0397 0.0326
ns 0.9612 0.9661 0.9693
Table 1. Predictions for the scalar spectral index ns and the tensor-to-scalar ratio r for the
scenario of non-canonical inflation with deformed-steepness potential, for various combinations of
α and n, adjusting the values of λ, and for e-folding number N equal to 50, 60 and 70. For this
Table we fix M = 10−4Mpl and V0 = 10
16 (GeV )4, with Mpl = 10
18 GeV .
A general observation is that the predictions of the scenario at hand lie well inside the
1σ region of the Planck 2018 data, without the need to use large values for the non-canonical
parameter α or the deformed-steepness parameter n, which was indeed the main motivation
behind the present work. Additionally, the predictions of the scenario are better, compared
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Figure 1. 1σ (yellow) and 2σ (light yellow) contours for Planck 2018 results (Planck +TT +
lowP ) [73], on the ns−r plane. Furthermore, we depict the predictions of Table 1, of the scenario at
hand for various values of the the non-canonical parameter α and the deformed-steepness parameter
n, adjusting the values of λ, and keeping fixed M = 10−4Mpl and V0 = 10
16 (GeV )4, with Mpl =
1018 GeV. In every line the first (black) point corresponds to e-folding number N = 50, the middle
(red) point to N = 60, and the third (green) to N = 70. Upper left panel: Black - solid for
n = 4, λ = 10−13, blue - dashed for n = 5, λ = 10−12, green - dotted for n = 6, λ = 10−11, red -
dashed-dotted for n = 7, λ = 10−11 , magenta - dashed-dotted-dotted for n = 8, λ = 10−11. Upper
right panel: Black - solid for n = 5, λ = 3 · 10−9, blue - dashed for n = 6, λ = 10−7, green -
dotted for n = 7, λ = 10−6, red - dashed-dotted for n = 8, λ = 10−5. Lower panel: Black - solid
for n = 6, λ = 3 · 10−6, blue - dashed for n = 7, λ = 10−4, green - dotted for n = 8, λ = 10−2.
to the simple non-canonical models, as well as to the simple deformed-steepness models.
Concerning the specific features, we find the following: For any given set of model-
parameters, increasing the e-folding values N leads to increased ns and decreased r, as is
usual in the majority of inflationary scenarios. Now, for a given α, as n increases both ns
and r also increase. On the other hand, for a given n, as α increases there is no particular
tendency for ns and r. However, for larger α, such as α = 7, the effect of n is less significant
and the different curves actually coincide. Moreover, as α grows, higher values of λ can be
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α = 3, n = 6, M = 10−4Mpl, λ = 10
−11
V0 10
15 (GeV )4 1016 (GeV )4 1017 (GeV )4
N 50 60 70 50 60 70 50 60 70
r 0.0619 0.0478 0.0380 0.0496 0.0367 0.0278 0.0349 0.0239 0.0167
ns 0.9646 0.9698 0.9734 0.9617 0.9670 0.9703 0.9564 0.9608 0.9630
α = 3, n = 6, V0 = 10
9 (GeV )4, λ = 10−11
M 10−3 5 · 10−4 10−4
N 50 60 70 50 60 70 50 60 70
r 0.0349 0.0239 0.0167 0.0660 0.0516 0.0415 0.0936 0.0773 0.0657
ns 0.9563 0.9603 0.9632 0.9653 0.9705 0.9742 0.9673 0.9729 0.9767
α = 3, n = 6, λ = 10−11
M 5 · 10−3 10−3 10−5
V0 10
3 (GeV )4 108 (GeV )4 1018 (GeV )4
N 50 60 70 50 60 70 50 60 70
r 0.0411 0.0292 0.0213 0.0496 0.0367 0.0278 0.0913 0.0752 0.0637
ns 0.9589 0.9635 0.9666 0.9617 0.9668 0.9702 0.9675 0.9726 0.9766
Table 2. Predictions for the scalar spectral index ns and the tensor-to-scalar ratio r for the
scenario of non-canonical inflation with deformed-steepness potential, for fixed α = 3, n = 6, and
λ = 10−11, for various combinations of M and V0, and for e-folding number N being 50, 60 and 70.
For the upper panel we additionally fix M = 10−4Mpl, with Mpl = 10
18 GeV , while for the middle
panel we additionally fix V0 = 10
9 (GeV )4.
accommodated, whereas for values of α closer to the canonical case, λ needs to be reduced
significantly if we desire to obtain observables inside the data contours. Similarly, as n
increases λ needs to acquire higher values too.
We proceed by investigating the effect on the observables of the parameters M and V0,
which determine the scale of non-canonicality and of the potential, respectively, keeping in
mind that the scale of inflation in theoretically motivated constructions can be anywhere
from just below the unification scale (mostly Grand Unification), to energies as low as the
scales within reach of the LHC (see e.g. [74]), with many possibilities in between, that can
be linked i.e. to different stages of symmetry breaking. Without loss of generality we fix
α = 3, n = 6 and λ = 10−11, and we calculate ns and r for e-folding number N being
as usual 50, 60 and 70. We first additionally fix M and change V0, then we fix V0 and
change M , and finally we change both M and V0. We summarise the obtained observable
predictions in Table 2. Furthermore, in order to present the results in a more transparent
way, in Fig. 2 we depict the results of Table 2 on top of the 1σ and 2σ contours of the
Planck 2018 data [73].
The main observation is that the predictions of the scenario lie well inside the 1σ
region of observational data. Now, for fixed M , increasing V0 leads to lower values of r
and ns; moreover, the variation of r is much faster than that of ns. Additionally, for fixed
V0, increasing M leads also to lower values of r and ns; nevertheless the change in ns is
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Figure 2. 1σ (yellow) and 2σ (light yellow) contours for Planck 2018 results (Planck +TT +
lowP ) [73], on the ns − r plane. Moreover, we depict the predictions of the upper panels of Table
2, of the scenario at hand for for fixed α = 3, n = 6, and λ = 10−11, for various combinations of
M and V0. In every line the first (black) point corresponds to e-folding number N = 50, the middle
(red) point to N = 60, and the third (green) to N = 70. Upper left panel: Fixed M = 10−4Mpl.
Black - solid for V0 = 10
15 (GeV )4, blue - dashed for V0 = 10
16 (GeV )4, green - dotted for V0 = 10
17
(GeV )4. Upper right panel: Fixed V0 = 10
9 (GeV )4. Black - solid for M = 10−3Mpl, blue -
dashed for M = 5 · 10−4Mpl, green - dotted for M = 10−4Mpl. Lower panel: Black - solid for
M = 5 · 10−3Mpl, V0 = 103 (GeV )4 blue - dashed for M = 10−3Mpl, V0 = 108 (GeV )4, green -
dotted for M = 10−5Mpl, V0 = 10
18 (GeV )4.
strongly affected by the change in M (since M appears in powers of four in the equations)
that it can easily be led outside the observational contours. Finally, in the case where
both M and V0 are allowed to vary, we find that for increasing M we need to significantly
decrease V0 in order to remain inside the observational contours. This was expected, since
in the scalar-field equation (2.7) these two parameters appear multiplied. Nevertheless,
this is not a trivial result, since M is related to the non-canonicality scale while V0 to the
potential scale.
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From the above analysis we deduce that non-canonical kinetic terms combined with
deformed-steepness potentials can provide inflationary predictions in very good agreement
with observations, compared to simple non-canonical models [31–48] as well as to canonical
models with deformed-steepness potentials [59–66]. An additional significant advantage is
that the above combination allows to achieve good predictions without the need to use
unnaturally large values for α or n, or unnaturally tuned values for the non-canonicality
and potential scales M and V0, as well as for the potential exponent λ. In particular,
we see that M and V0 remain in reasonable sub-Planckian regions, with values that can
be easily predicted and accepted from field theoretical point of view. This combination
of observational efficiency and theoretical justification is a significant advantage of the
scenario at hand.
4 Conclusions
In this work we revisited inflation with non-canonical scalar fields by applying deformed-
steepness exponential potentials. Non-canonical kinetic terms can arise naturally in models
of supergravity and superstrings, while exponential potentials have remarkable properties,
as they greatly facilitate slow roll and result to scaling behaviour at large scales.
As we have shown, the resulting scenario can lead to inflationary observables, and in
particular to scalar spectral index of the curvature perturbations ns and tensor-to-scalar
ratio r, in remarkable agreement with the observations of Planck 2018, being well inside
the 1σ region. Apart from observational predictability, a significant additional advantage
of the proposed scenario arises from the theoretical point of view. In particular, in order to
obtain acceptable observables, in simple non-canonical models one needs to use relatively
large non-canonical exponent α or ranges of values for the non-canonicality scale M , while
in canonical models with deformed-steepness potentials relatively large values of the extra
exponent n need to be imposed, and, hence, these models cannot be well-justified theoret-
ically. On the other hand, in the scenario of the present work the exponents α and n are
small, as well as the non-canonicality and potential scales M and V0 remain in reasonable
sub-Planckian regions.
Our analysis revealed that, for a given α, as n increases both ns and r increase too,
while on the other hand, for a given n, as α increases there is no particular tendency for
ns and r. Moreover, as α grows, higher values of λ can be accommodated, whereas for α
values closer to the canonical case, λ needs to be reduced significantly in order to obtain
observables inside the data contours. Similarly, as n increases, λ needs to acquire higher
values too. Additionally, for fixed M , increasing V0 leads to lower values of r and ns, while
for fixed V0, increasing M leads to lower values of r and ns too.
In summary, we showed that revisiting non-canonical inflation models by applying po-
tentials with deformed steepness, increases the observational predictability, bringing the
scalar spectral index and the tensor-to-scalar ratio more deeply into the observational
contours, offering a better theoretical justification for the required parameters. This com-
bination of observational efficiency and theoretical justification is a significant advantage of
– 9 –
the scenario at hand, and hence, non-canonical models with deformed-steepness potential
need to be further explored, as additional observational data will be coming forward.
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